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Abstract 
Learning factories are the result of a didactical concept used in the engineering education at university. They are set into a 
realistic production area which is used to teach theoretical methods. Existing learning factories are mainly focusing on one 
subject. Interdisciplinary approaches integrating different points of view are rather rare. This paper introduces a new concept for 
an interdisciplinary learning factory that includes the areas of product development and production. This new learning factory is 
focuses on the improvement of the cooperation between these departments and imparts the theoretical concepts of simultaneous 
engineering and organisational learning. The learning factory was developed at the Faculty of Mechanical Engineering at Ruhr-
Universität Bochum in a cooperation of the Chair for Product Development and the Chair of Production Systems. The new 
learning factory will be integrated in a superior concept for a student project over a longer time span, which is explained in the 
second part of this paper. Finally, this contribution describes a prospect on the future extension of the LPS Learning Factory to a 
learning company and the integration of the learning factory concept into two regional development projects.  
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1. Initial situation 
 In times of competitive and globalized markets, producing 
companies have to cope with challenging requirements. 
Products are becoming highly individualized and more 
sophisticated due to functionality which goes along with an 
increasing complexity of the product itself as well as the 
related development processes. Furthermore, the strong 
pressure for innovation is reflected within the product life 
cycles. Hence, sustainable business success is directly linked 
to the effective and efficient transformation of innovative 
ideas into marketable products. To meet the challenges 
regarding cost reduction, increased quality and a shortened 
time to market, research have been proposing the idea of 
simultaneous engineering for nearly 25 years [1]. Instead of 
isolated tayloristic separated workflows, product development 
is organized in temporally overlapping processes (see figure 
1). Due to the fact that lifecycle spanning disciplines like 
production engineering or industrial services are already 
integrated in the early phases of the development, unnecessary 
and cost-intensive iterations are prevented. By means of the 
simultaneous engineering approach it is possible to defuse the 
so-called “dilemma of product development”, which describes 
the opposing characteristics of the inducement and appearance 
of failures and costs during the product life cycle [2]. As 
illustrated in figure 1, the highest potential of influence 
already occurs during the phase of product planning. In 
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contrast, the effects become obvious later on during the 
manufacturing process or the use phase of the product.  
 
Fig. 1. The dilemma of product development [2]  
However, in order to be prepared for the successful 
application of simultaneous engineering, a company has to lay 
numerous organisational, technological as well as personal 
foundations. While organisational and technological 
approaches (e.g. project teams or IT-support systems) have 
reached their limits by now, human factors like e.g. attitude, 
motivation, competences or creativity are increasingly moving 
to the fore [3]. Following Zink and Eigner, human factors are 
defined as factors that influence both the performance and the 
motivation of human beings within working systems and 
correspond to the following three levels: 
x Organisation (Cooperation amongst business processes in 
terms of the identification and consideration of interests 
and requirements of diverse departments, strategic 
orientation, impact of the organisational culture and 
egoistic behavior of departments) 
x Group (Cooperation- and information processes within 
interdisciplinary project teams, definition of interfaces 
among group members, motivation and ability to engage 
in a constructive dialogue with certain disciplines) 
x Individual (relationship between the person and the 
working system due to organisational, technological, 
personal and economic boundary conditions) 
On each of these three levels, different competences can be 
defined that are key factors to cope with the requirements of 
successful product development processes. Heyse and 
Erpenbeck propose a systematic collection of competences 
within four main categories that can be specified for the 
focused application [4]. 
x Personal competences (openness to change, authenticity, 
holistic thinking) 
x Activity and operation competences (decision making 
capability, goal-oriented behavior, repartee) 
x Social and communicative competences (conflict solving 
ability, problem solving ability, communication skills, 
integrability) 
x Professional and methodological competences (project 
management, analytical skills, systematical proceeding)  
In order to prepare individuals for the demands of the 
described professional work environments (companies where 
the product development process is key process within the 
value chain) higher education needs to focus on developing 
these competences. In the course of the propagated “shift 
from teaching to learning” and the associated definition of 
competence-oriented learning outcomes, student-centric and 
active learning methods in the context of product 
development processes are required [5]. Therefore, numerous 
universities have designed and implemented learning factories 
as a new active learning method. To support the systematic 
design process of learning factories, the European Initiative 
on Learning Factories has created a typology of existing 
approaches. Herein current learning factories can be mapped 
and analyzed [6]. Whereas most existing learning factories 
focus on the field of production (e.g. manufacturing or 
assembly processes), upstream development processes have 
remained almost unnoticed until now. This separation is 
reflected in the education of engineering students at 
universities. Both fields are taught separately and methods 
like “Simultaneous Engineering” are only taught theoretically 
in product development lessons while students specialising in 
the field of production learn methods for designing the 
manufacturing process.  
Referring to the industrial demand, an integrated approach 
becomes mandatory that is able to simulate realistic industrial 
problems (e.g. simultaneous engineering) and thereby to 
develop students’ competences in hands on trainigs. To close 
this gap, a new learning factory has been developed at Ruhr-
Universität Bochum. In cooperation between the Chair for 
Product Development (LPE) and the Chair of Production 
Systems (LPS) of Ruhr-Universität Bochum (Germany), the 
existing concepts have been extended by an interdisciplinary 
approach aiming for a better cooperation between product 
development and production. Before the concept of this new 
learning factory is presented the next following section 
outlines the current state of the learning factory at the LPS. 
2. Current state of apprenticeship  
A „learning factory“ is a didactical approach used in the 
education of engineering students at university and of 
industrial participants. A learning factory enlarges the regular 
teaching concept by lectures usually held by professors for a 
whole course combined with small group exercises with a 
practical learning experience. The students are offered the 
possibility to practice the previously theoretically learned 
methods in a real production area. This increases the 
understanding of the taught methods and the rate of 
recollection in contrast to the regular teaching concept. The 
production area consists of both real manufacturing machines 
and assembly workstations and represents the whole process 
chain of a gate-to-gate production process for a real product 
[7,8].   
The learning factory at the LPS is not only used for 
education and research but also for make-to-order production. 
Before the LPS Learning Factory was implemented, the 
machines had already been used for manufacturing real 
customer orders. Thanks to this development the production 
area represents a particularly realistic image of a 
manufacturing environment with a heterogeneous machinery. 
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The LPS Learning Factory itself covers the three main topics 
of “Process Optimisation”, “Resource Efficiency” and 
“Management and Organisation”. Process Optimization 
includes the methods of “Lean Production” and the simulation 
of the processing of a product from customer order to delivery 
[8].  
The Learning Factory for Resource Efficiency is based on 
a holistic approach for decreasing the consumption of energy 
and material in the whole production process. Existing 
learning factories and research projects mainly focus on the 
energy consumption neglecting the higher potential of the 
material consumption and the dependence between energy 
and material usage [9]. 
The Management and Organisation of Work is an 
interdisciplinary cooperation of the LPS with the Faculty of 
Social Sciences and the office of RUB IGMetall. The 
“Learning Factory for Management and Organisation” and the 
accompanying lecture contain the subjects of co-
determination and work councils as well as the inclusion of 
older or handicapped employees in manufacturing processes. 
The cooperation with the Faculty of Social Sciences and the 
subject itself make this lecture and the learning factory a 
unique offer in German engineering education [10]. 
The LPS Learning Factory is already covering all main 
aspects of the typical production process and current research 
topics as well. Seminars are offered for students and industrial 
participants. The structure of the LPS Learning Factory is 
summarized in figure 2. One major area that has not yet been 
comprised is the integration of the product design and 
development department. Production and assembly is only 
one part of the product creating process. The cooperation 
between product design and production is a key factor for the 
success of a company. But in reality, theoretical approaches 
like simultaneous engineering are rarely used by the 
companies. Cooperation between the departments is often 
reduced to overcoming communication and bureaucracy 
difficulties. To deliver an appropriate solution the next 
chapter describes the developed concept and which synergies 
can be created through cooperation and communication.  
 
Fig. 2. The LPS Learning Factory 
3. Integrated concept: The Learning Factory 2.0 
3.1. Conceptual basis 
Based on the learning factory that already exists at the 
Chair of Production Systems, a new curriculum is developed 
that focusses on a holistic approach, integrating both 
production and product development aspects. Thereby the 
proposed Learning Factory 2.0 is conceptualized on the basis 
of the following three aspects (exemplified in figure 3): 
x The 4 I framework that provides an approach of how 
organisational learning takes place through the four 
processes of intuiting, interpreting, integrating and 
institutionalising that link the relevant levels individual, 
group and organisation. Crossan et al. define the sub-
learning processes as follows: Intuiting is the process of 
preconscious recognition of pattern and possibilities 
inherent in a person. Interpreting means explaining an 
inside or an idea to oneself or to other group members. 
Integrating describes the process of developing shared 
understanding among individuals and taking coordinated 
actions. Finally, institutionalising is the process of 
consolidating routinized actions. These are 
operationalised within systems, structures, procedures 
and strategies [11].  
x The combination of the 4 I framework with the idea of 
communities of practice (CoP) to better understand and 
describe the integrative learning approach across different 
social or physical environments. Actors learn how to 
participate in achieving a community goal as an 
individual by the acquisition of a common language, 
communication style or methods and tools [12]. While 
Süße and Wilkens use this combination to address the 
integration of the product and service domain, it seems to 
be promising for product development and production 
aspects as well [13].  
x The use of the problem-based/reflexive learning approach 
to provoke the learning process. After individuals have 
been confronted with dilemma experiences, they reflect 
on the existence of negative knowledge, which is a source 
for sustainable competence acquisition due to the human 
need of coherence [14].  
 
Fig. 3. Conceptual framework for the learning factory 2.0 
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3.2. A Prototype of a new learning factory: Cooperation 
between Product Development and Production   
  
Fig. 4. Impression of the first prototype (02.2015) 
The new learning factory aims to develop an awareness of 
the importance of cooperation between the departments of 
product development and production. Traditionally these 
departments mostly work separately. A first prototype of the 
new learning factory took place in February 2015 and the 
results are used to improve the designed concept (see figure 
4).  
This learning factory is a business game that uses virtual 
models and simulations (see figure 5). The aim is to let 
students experience a realistic situation and to teach them a 
method to solve the issues that arise in the field of product 
development and production. 
The students are divided into groups of five, two students 
of each discipline representing either the point of view of the 
product development or the production and a fifth student 
taking the role of the project manager. At the beginning, all 
students get a description of their role and some time to 
discuss their task for the upcoming seminar.  
During the first period the different roles are separated 
from each other. The project managers receive information on 
the cost structure and quality reports of the sold products, e.g. 
a percussion drilling machine. With the help of this 
information they have to find the reasons for the problems in 
both departments. Their aim is to improve the manufacturing 
process with a holistic approach. The production group 
analyses the production and assembly process of the product 
by using a virtual material flow model and a real, dismantled 
drilling machine. The product development group is using 
technical drawings, a virtual CAD-model and the real product, 
with the focus on analysing the function of the machine. The 
aim of this section is to offer the participants a sufficient 
insight into their department for the upcoming discussion. 
 
Fig. 5. Product and examples for the models and simulations 
 
After this, the project manager convenes a mutual meeting 
in which he/she wants to discuss both the excessive 
manufacturing costs with the production and the problems 
concerning the quality of the sold products with the 
development department. While the project manager is 
preparing the meeting, the product development and the 
production have the task to search reasons for the problems in 
their department which have previously been created by the 
other department. To emphasise the conflict between the 
groups, the participants receive a characterisation of their 
roles and the task to protect their employees from additional 
work and dismissal. This characterisation of their roles is 
designed for increasing the potential of conflicts between the 
departments. 
The groups of five persons now discuss the problems they 
have found in their small groups. The project manager’s task 
is to solve as many of the occurring problems and mistakes as 
possible. The gained experiences which are made by the 
students are discussed afterwards with the whole group and 
the trainers. The discussion is followed by a short introduction 
of the FMEA method. In the third period, the students discuss 
the present problems again but this time they use the 
experience they have made and also the previously learned 
FMEA method to analyse and solve the problems by working 
together. The aim is to show how the FMEA method enables 
a mutual process and how team work benefits from the 
common basis and “language” the FMEA offers. They also 
analyse the connections between the product development and 
the production and create “failure trees”. The experiences of 
this period are again discussed with the whole group of all 
students. 
The development of this new learning factory is only the first 
step towards an integrated approach which is described in the 
following chapter. 
3.3. Conviction of the prototype into a lecture associated 
project  
The concept described above is going to be integrated in 
the existing lectures of the Chair of Product Development and 
of the Chair of Production Systems. To support the 
development of an interdisciplinary way of thinking, the 
students will be offered the possibility to participate in a 
special project (see figure 6). This will take place over the 
time span of at least one semester. The students of both 
specialisations will be divided into small project groups with a 
matching number of members of each discipline. The group’s 
task is to develop a real product and design the manufacturing 
process within a certain range of limitations like a budget 
limit or a time limit.  
In the beginning, the students with the focus on product 
development will develop the product and those specialising 
on production will have the task to plan the whole 
manufacturing process based on a first draft. The 
communication between these sub-teams is limited to rare 
meetings in which the status of each group will be presented. 
Each group is guided by a research assistant of the respective 
chair. During the first part of the project, both groups will 
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receive certain inputs by their guide which they have to 
consider in the remaining time, which increases the pressure. 
This will lead to a mismatch between the developed product 
and the designed process (Phase 1).  
 
Fig. 6. Concept for the student project 
In a milestone meeting (milestone 1) this mismatch will be 
revealed in order to show the students that only focussing on 
their own topic leads to a situation in which the product 
developed and the process designed do not fit to each other 
anymore. The students will get the opportunity to meet the 
experienced employees of the LPS Learning Factory and 
present their developed concepts. The employees will then 
discuss these drafts considering the ability to manufacture and 
assemble the developed parts in the LPS Learning Factory. 
The students will in addition receive new limitations that they 
have to meet which will be hardly possible in the remaining 
time if done in the same way as before.  
After that, all the groups will receive lessons and training 
in special methods to increase their cooperation. These will 
consist of a special chapter as part of the regular lectures of 
both chairs, accompanied by practices. The theoretical 
training in certain methods (e.g. those described in chapter 
3.1) will be supported by seminars in the learning factory like 
the example described in section 3.3 (Phase 2). With the 
gained knowledge the students can then complete their project 
in the remaining time (Phase 3). Part of this training will also 
be project management skills, which implies one student of 
each group to take the role of the project manager to improve 
the cooperation between the disciplines (milestone 2). 
The frame of project work is not only supporting the 
interdisciplinary thinking but it also offers the students the 
possibility to transfer the knowledge they have gained in their 
studies to a real task and also to use it on a new problem. In 
addition, they develop their soft and social skills. The concept 
furthers the development of the competencies described in 
chapter one. The next chapter consists of a prospect on the 
future extension of the LPS Learning Factory.  
4. Perspective  
4.1. Future development of the “Learning Factory 2.0” 
The described prototype and the gained experiences 
provide the basis for the development of a new “Learning 
Factory 2.0”. The concept includes the development of long-
term training in form of a project being worked on over the 
time span of at least one semester by interdisciplinary groups 
of students. The students will work on a real task with the 
focus on their specialised field. In addition to the groups of 
the prototype, the product development and the production, 
other connected disciplines will also be part of the project 
group, e.g. business economics, sales engineering or service 
systems. The cooperation between Ruhr-Universität Bochum 
and the Tongji University in Shanghai offers the possibility of 
building international teams in order to enlarge the concept by 
the aspects of distributed working groups [15]. 
The interaction between development and production will 
be altered by the integration of the aspects of designing under 
ecological aspects aiming for the holistic improvement of the 
ecological impact and the resource consumption over the 
whole product lifecycle. Other topics of current research 
projects and the other learning factories like, for instance the 
inclusion of older employees or cyber-physical systems can 
also be connected with this concept. 
4.2. “The Learning Company” 
The interdisciplinary approach of the “Learning Factory 2.0” 
will only be the first step towards the creation of the 
“Lernunternehmen" (Learning Company). Through the 
integration of existing modules of other subjects with similar 
didactic concepts like the learning factory and the 
development of new approaches with other disciplines of 
Ruhr-Universität Bochum, it will be possible to depict a 
whole company on the campus with all the divisions shown in 
figure 7. The Faculty of Economic Sciences at Ruhr-
Universität Bochum already offers a business game for their 
students and also law students have already the possibility to 
practice in simulated court sessions [16+17]. Another 
institution offering matching programs is the sales and 
marketing department [18]. These programs are offering a 
great potential for cooperation.  
The extension of the LPS Learning Factory is not only 
focussing on the integration of other disciplines. Another 
focus lies on the ongoing deployment of new learning 
factories. Beside the integration of product development, a 
learning factory for Industry 4.0 (cyber-physical systems) as a 
connecting approach of the existing models and a virtual 
learning factory for simulation are planned and will enter the 
design phase soon. The existing learning factories are 
continuously improved and enlarged with new aspects. The 
combination of lean production with resource efficiency will 
be integrated in the Learning Factory for Resource Efficiency. 
The Learning Factory for Management and Organisation will 
be adjusted to the workstations and -conditions under the use 
of cyber-physical systems. Finally, the Learning Factory for 
Process Optimisation is currently enhanced by the approach 
of Methods Time Measurement.  
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Fig. 7. Idea of the Learning Company 
4.3. The PTR and the World Factory 
The concept of the “Lernunternehmen” is intended for the 
education of students of different disciplines. Besides this, 
two long-term ventures based on the idea of the LPS Learning 
Factory are planned and developed by the Faculty of 
Mechanical Engineering and the direction of the Ruhr-
University of Bochum.  
The first project is called “PTR” (Produktionstechnisches 
Trainings- und Forschungszentrum Ruhr) and consists of the 
idea of building a mutual centre for education and for research 
with several universities of the region and commercial 
enterprises. Part of this centre will be a learning factory about 
ten times the dimensions of the LPS Learning factory. The 
aims of the PTR are improving didactics and qualifications as 
well as the transfer of knowledge into the companies and the 
development of real products out of research projects. The 
fields of attention of the PTR are mainly the engineering 
disciplines [19].  
The other project called “World Factory” focuses on the 
enhancement of the foundation of new companies by students 
of different universities of Bochum. As the idea of the 
“Lernunternehmen” suggests, the education of the students 
shall be improved as a first step with the help of multi-
discipline projects. In a next step, the students will work on 
real projects together with the connected companies. The 
“World Factory” is planned as a new campus built on the 
former compound of the Adam Opel AG in Bochum and will 
also include a learning factory of bigger dimensions [20].  
The realization of these projects will take some time (see 
figure 8). These three developments will perfectly amend the 
didactic concept of the learning factory on a new level of 
interdisciplinary education and will offer students an authentic 
and holistic experience.  
 
Fig. 8. Prospect for the extension of the LPS Learning Factory 
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